Introduction
In the Millennium Declaration, the United Nations member states and international organizations agreed to achieve eight human development goals (United Nations, 2008) . Improving health, reducing mortality, and reversing the spread of major diseases were among the top priorities. 1 Many countries especially in sub-Saharan Africa are likely to fall short in meeting the 2015 targets. 2 Although child mortality rates have declined in developing countries, eleven million children die annually from preventable and treatable diseases; over half a million women die during pregnancy or childbirth due to lack of ante-natal care. The access to and quality of medical services in developing countries is a key determinants of health outcomes. 3 It is therefore important from a policy standpoint to investigate whether medical brain drain (MBD), i.e. emigration of medical personnel, can significantly affect indicators of human development.
An important hurdle in investigating these issues is the lack of comprehensive databases on medical emigration. While it is difficult to collect data on emigration of nurses, majority of medical associations in high-income countries compile information on the number of foreign-trained Economics and Human Biology 9 (2011) We analyzed the effects of physician emigration on human development indicators in developing countries. First, the geographical distribution of physician brain drain was documented for the period 1991-2004. Second, random and fixed effects models were employed to investigate the effects of physicians in the home countries and abroad on child mortality and vaccination rates. Third, models were estimated to investigate migration-induced incentives in the medical sector that would increase the number of physicians. The results showed positive effects of migration prospects on medical training though the magnitude was too small for generating a net brain gain. Also, infant and child mortality rates were negatively associated with the number of physicians per capita after adult literacy rates exceeded 60%. The results for DPT and measles vaccinations underscored the importance of literacy rates and physicians per capita for higher vaccination rates. From the standpoint of Millennium Development Goals, reducing medical brain drain is likely to have only small benefits for child mortality and vaccination rates.
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physicians. This paper focuses on physician brain drain and the first objective was to provide a harmonized longitudinal data set on physician emigration rates. For each country in the period 1991-2004, we aggregated physician immigration data from 18 major destination countries, and compared the migration of physicians from home country with total numbers of physicians trained. Using this relative measure, physician brain drain seems severe in certain countries in sub-Saharan Africa, South Asia, East Asia, Latin America and the Caribbean. Further, we investigated if reversing or stopping MBD could help improving health outcomes and access to medical services. This is a complex issue for several reasons. First, migration studies have shown that prospects of highskilled emigration can stimulate educational investments in developing countries and may be beneficial to the source country (e.g. Stark et al., 1997; Mountford, 1997; Beine et al., 2001) . In countries where returns to schooling are low, stopping brain drain could reduce the incentives to acquire transferrable skills and hence the ex post quantity of skilled labor. A net brain gain can be obtained if this ex ante incentive effect exceeds the ex post emigration effect. Evidence of a brain gain effect has been found at micro and macro levels. 4 Engman (2010) discussed occupational case studies supporting this mechanism among Egyptian teachers, Indian information technology specialists and Filipino nurses. However, this mechanism seems inapplicable to the medical sector due to limited training capacities in the short and medium terms. 5 Second, there have been discussions of the relationships between health indicators and the supply of physicians in the country. Chauvet et al. (2008) found that the number of physicians in the country had no significant effect on child mortality. 6 Clemens (2007) argued that Africa's poor public health conditions are the result of factors unrelated to staffing levels. By contrast, Bhargava and Docquier (2008) found that higher MBD rates in sub-Saharan African countries predicted higher adult mortality due to AIDS.
The second objective of this paper was to shed light on the above issues using the improved longitudinal database on medical training and physician emigration in developing countries. We first tested for the existence of migrationinduced incentives and net brain gain. We then evaluated the impact of medical brain drain on child mortality and vaccination rates, allowing for quantity and quality effects i.e. decrease in the numbers and average abilities of the remaining physicians. Although panel data analyses have limitations due to interpolations used for constructing child mortality and vaccination rates in databases such as the World Development Indicators (Bhargava and Yu, 1997) , they can afford useful insights. For example, MBD rate can be treated as an ''endogenous'' (correlated with the errors) variable in the models which was also useful in situations where MBD was measured with error.
Our main findings can be summarized as follows: first, there appears to be a positive incentive effect of migration prospects on medical training. However, the effect was too small to generate a net brain gain so that MBD mainly reduced the number of physicians in developing countries. Second, infant and child mortality rates were seen to decrease with the numbers of physicians per capita when adult literacy rates exceeded 60%, which was the case for the majority of countries. The results for DPT and measles vaccinations again underscored the importance of literacy rates and physicians per capita for higher vaccination rates. Third, reducing physician brain drain was likely to generate only small improvements in human development indicators compared to the stated Millennium Development Goals. The paper is organized as follows: Section 2 presents the revised database on physician emigration measures. The empirical models, econometric models and other data sources are described in Section 3. The empirical results are presented in Section 4. Finally, Section 5 concludes with possible extensions of this work.
Assessing the magnitude of physician brain drain
Building on the previous work by Bhargava and Docquier (2008) , we evaluated physician brain drain in absolute and relative terms. In absolute terms, the stock of physician emigrants from a given country was evaluated by summing immigration data collected from a set of R major destination countries. Denoting by (Migrants) i,r,t the number of physicians originating from country i and residing in country r at time t, the (absolute) total emigration stock from country i was given by (Migrants) i,t P r (Migrants) i,r,t . Relative emigration measures were obtained by comparing the aggregate emigration stocks to total numbers of physicians trained in the source country. The physician brain drain rate MBD i,t was defined as:
where (Physicians) i,t was the number of physicians in the home country, and (Trained Phys) i,t (Physicians) i,t + (Mi-Migrants) i,t approximates the number of physicians trained in the country of origin. The data on domestic physicians (Physicians) i,t were compiled by World Health Organization and were obtained from World Development Indicators (WDI; World Bank, 2006) . Bilateral data on physician emigrants (Migrants) i,r,t were collected from 18 destination countries (Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Ireland, Italy, New Zealand, Norway, Portugal, South Africa, Sweden, Switzerland, United Kingdom, and United States). As in Bhargava and Docquier (2008) , we defined migrants primarily according to their 4 At the micro-level, see Batista et al. (2009) and Gibson and McKenzie (in press) . At the macro-level, the regressions in Beine et al. (2008) or Docquier et al. (2008) suggested that high-skill migration prospects had a positive and significant impact on human capital formation, possibly leading to a net brain gain. 5 Some researchers have argued that medical brain drain is a major factors leading to under-provision of healthcare services and staff in developing countries (e.g., Bundred and Levitt, 2000; Beecham, 2002) . 6 The study by Chauvet et al. (2008) (Bhargava, 2005; Mills et al., 2008) . It should be noted that there were certain drawbacks in using country of training rather than country of birth. On the one hand, there is a risk of overestimating brain drain from countries hosting a regional training center such as Fiji, Grenada and South Africa. On the other hand, one would underestimate brain drain when there were no medical schools in the country which happened in 37 cases representing 19.3% of our sample. However, all the countries in our data analyses had at least one medical school and the small countries hosting a regional training center (such as Grenada or Fiji) were not included in the sample. Hence, the existence of a regional center or absence of medical schools should not distort the empirical results.
For the most important destinations, annual immigration data by country of training were obtained from national medical associations; medical associations only record foreign-educated physicians who still practiced medicine. For a subset of destination countries, data by country of birth or citizenship of physicians were used and the annual database was interpolated from two or three time observations. For these host countries, we also counted physicians who were not able to practice. This did not appear to be a serious source of bias for most countries partly since correlations between bilateral migration stocks by country of birth and country of training were high (see below). In comparison with Bhargava and Docquier (2008) , we expanded the number of destination countries from 16 to 18 and harmonized the definition of migrants. Our database provided annual observations for the period 1991-2004 for all countries in the world. 8 The data sources are listed in Table 1 (column 2). The database identified a total of 410,644 foreign-trained physicians in 2004 (column 5). As seen from column 6, the most important destinations were United States (242,211 foreign physicians, i.e. 59.0% of the total in 2004), United Kingdom (79,866 physicians, 19.4%), Canada (14,353 physicians, 3.5%), and Australia (13,617 physicians, 3.3%). The bilateral structure of our database enabled us to identify the main corridors. Six 'South-North' corridors had more than 10,000 physician migrants in 2004. In all cases, the US or the UK was the destination: India to US (44,415 physicians), India-UK (22,535), Philippines-US (18,944), Mexico-US (12,861), Pakistan-US (10,625), and South Africa-UK (10,371). Among the other 'South-North' corridors with at least 1000 migrants, we had South Africa-Canada, India-Canada, Malaysia-Australia, Algeria-France, and Russia-Germany.
The third column in Table 1 indicates whether country of training was directly available or inferred from other sources. Data by country of training were directly available for 359,318 physicians (representing 87.5% of the sample in 2004). For the remaining 51,326 physicians (12.5%), we collected annual data by country of birth and rescaled the numbers using the aggregate ratio of foreign-trained to foreign-born physicians for each destination country. This was a reasonable strategy given the high correlation between emigration information by country of birth and country of training. 9 The fourth column in Table 1 indicates whether annual data were available for the country. Annual data were directly available for 360,273 physicians (87.7% of the sample in 2004). For the remaining 50,371 physicians (12.3%), interpolations were done on three data points for Australia (3.3%) and using two data points in seven countries. These seven countries accounted for 7.4% of the sample. In three cases representing 1.7% of the sample, we had a single point and interpolated the data using average growth rates for other countries. Interpolations on less than three data points were performed for less than 10% of the sample. Thus, the interpolations should not significantly affect the time dimension of our database. Fig. 1 shows the geographical distribution of physician brain drain in 2004. The average physician brain drain was severe in sub-Saharan Africa, South Asia, East Asia and Latin America. Table 2 lists the top-30 rates of physician brain drain. The most affected countries with emigration rates above 50% were small islands such as Dominica, Grenada, Saint Lucia, Saint-Kitts and Nevis, Ireland, Antigua and Barbuda, Liberia, Jamaica and Fiji (column 1). These countries are barely noticeable in Fig. 1 due to their small size. Focusing on larger countries with at least 4 million inhabitants, the second column of Table 2 identifies 12 sub-Saharan African countries as well as poor countries such as Haiti, Sri Lanka, Papua New Guinea, etc. Note that a few high-income countries, namely, Hong Kong, New Zealand, Canada, Singapore, Australia, Israel, and the United Kingdom also exhibit high emigration rates. Physician brain drain rates have drastically increased in African countries and in Lebanon, Cuba, Cyprus, and the Philippines. The last column of Table 2 lists important changes in physician brain drain rates between 1991 and 2004.
Models, econometric framework and the data
This section describes the empirical models, econometric methods and the data used in the analyses of the effects of medical brain drain on child mortality, vaccination rates, and enrollment in medical training in developing countries.
Models for child mortality, vaccinations, and physician growth rates
The empirical models specified for infant and child mortality rates, percentages of children vaccinated against DPT and measles underscored the importance of interactions between literacy rates and uptake of healthcare services in developing countries. For example, availability of physicians and healthcare facilities is generally necessary for reducing infant and maternal mortality. However, it was also important that adults achieved certain literacy levels for the timely utilization of healthcare services. Thus, interactions between physicians (per 1000 people) with literacy rates were likely to be important variables for capturing the non-linearities in models for infant and child mortality rates. While other forms of non-linearities may also be important, the limited numbers of time observations and countries in the sample can complicate the precise estimation of model parameters.
Further, to assess if self-selection affected migration patterns so that better qualified physicians were likely to find attractive opportunities abroad, we controlled for the rate of medical brain drain in the models. Also, the models incorporated the inter-dependence between number of physicians abroad and those in the home country. Lastly, in view of the recent increases in remittances by migrants to their countries of origin, it was important to control for such payments since they can enable poor households to obtain healthcare services. The model for infant mortality (and for under-5 mortality) rates can be written as:
lnðIn fant mortality rateÞ i;t ¼ a 0 þ a 1 ðSSA dummyÞ i þ a 2 lnðAdult literacyÞ i;t þ a 3 lnðGDP per ca pitaÞ i;t þ a 4 ln Physicians 1000
i;t þ a 5 lnðTotal fertility rateÞ i;t þ a 6 lnðremit per ca pitaÞ i;t þ a 7 lnð1 þ MBDÞ i;t þ a 8 ln Adult literacy ð Þ Â ln Physicians 1000 Here, N developing countries in the sample were observed at five time points. The MBD is the physician (medical) brain drain rate that was transformed into logarithms with one added in order to avoid discontinuity at zero values; the results were very similar when MBD and physicians per 1000 people were introduced in levels. A dummy variable was included for sub-Saharan African countries that faced higher infant and child mortality rates; coefficients of the dummy variables for south Asia or Latin American regions were not statistically significant and hence these variables were dropped from the model. Note that a similar model was estimated for vaccination rates except that the dependent variables and the number of physicians in the country were introduced in levels rather than in logarithms.
The model treating medical training as an endogenous variable tackled the phenomenon that expectations about future migration prospects affect education decisions that can be approximated by growth rate of physicians trained in the source country. Building on previous studies, we used the lagged emigration rate as empirical counterpart of migration prospects. This seemed a reasonable assumption in view of the steady time profile of emigration rates in the sample period. We also included explanatory variables that were likely to affect training decisions in developing countries, such as level of economic development, remittances and training capacity (measured by the number of medical schools). The model can be written as: ln
ðTrained PhysÞ i;t ðTrained PhysÞ i;tÀ1
A positive value for b 5 was interpreted as a migrationinduced incentive to acquire medical skills. In theory, this model affords an investigation of the short-run and longterm consequences of physician brain drain on total number of physicians trained by countries in the spirit of growth models (Barro and Sala-i-Martin, 2003) . However, due lack of data availability, number of medical school was treated as a time invariant variable; it was replaced by number of medical students in another specification. In addition, lagged number of physicians was treated as an endogenous variable since it was likely to be correlated with the error terms (u 2,i,t ). 
Econometric methods
For random effects models, one can decompose the error term u 1,i,t in Eq. (2) as:
where d i were country-specific random effects that were distributed with zero mean and finite variance and v i;t were independently distributed random variables with zero mean and finite variance. Note that Eq. (4) was a special case of the general assumption used in the estimation where the variance covariance matrix of u 1,i,t was an unrestricted positive definite matrix (Bhargava, 1991) . It was also possible to treat d i as ''fixed'' parameters in the estimation. However, fixed effects models entail the estimation of coefficient of dummy variables for countries thereby lowering the precision of the estimates. More importantly, since the number of countries was assumed to be large, increase in number of parameters with sample size created the problem of ''incidental parameters'' (Neyman and Scott, 1948) . In such circumstances, asymptotic distribution theory was generally inapplicable unless the number of time observations is large. For robustness checks, we also presented the fixed effect estimates of the models. However, standard errors of the estimated coefficients cannot be consistently estimated if errors on fixed effects models were serially correlated (Bhargava et al., 1982) . Further, the model in Eq.
(2) did not contain lagged values of the infant mortality rate. This was in part due to the fact that infant and child mortality rates were interpolated for many countries in the WDI database so that the dynamics of the relationships were difficult to capture (Bhargava and Yu, 1997) . Instead, we expected the more general formulation for the errors in (4) affecting static models to capture heterogeneity over time in variances and general patterns of serial correlation in v i;t . Also, MBD was potentially an endogenous variable because countries facing higher physician emigration may possess characteristics such as poor healthcare infrastructure that can exacerbate infant mortality. The measurement error issues discussed above in the calculation of physicians working abroad can also lead to correlation between MBD and the error terms (u 1,i,t ). Finally, realizations of time varying variables in different time periods provided instrumental variables for the endogenous explanatory variables such as the MBD rate (see below).
From the identification and estimation standpoints, the models in Eqs.
(2) or (4) was re-written as a ''system of T equations'' where each equation corresponded to observations in a time period, with equality restrictions on parameters in different time periods. This re-formulation enabled application of simultaneous equations methods to panel data models (Bhargava and Sargan, 1983; Bhargava, 1991) . Moreover, one can distinguish between two sets of assumptions for potential endogeneity of time varying variables. First, x 2 's may be correlated with the u i,t in a general way i.e. x 2 are ''fully'' endogenous variables. Second, only the country-specific random effects (d i ) may be correlated with X 2 . Let X 1 and X 2 be, respectively, k 1 Â 1 and k 2 Â 1 vectors containing exogenous and endogenous time varying variables, and let Z be m Â 1 vector of time invariant variables. Then the ''reduced form'' for fully endogenous variables X 2 can be written as:
where F t,j (t = 1, . . ., T ; j = 1, . . ., T) and F Ã t ðt ¼ 1; . . . ; TÞ are, respectively, k 2 Â k 1 and k 2 Â m matrices of coefficients; U 2,i,t is the k 2 Â 1 vector of errors.
The reduced form Eq. (5) was a general formulation for correlations between time varying endogenous variables and errors on Eq. (3) (Bhargava, 1991) . Another formulation assumed a ''special'' form for endogeneity where only the country-specific random effects d i 's were correlated with x 2,i,j,t i.e.
where x Ã 2;i; j;t are uncorrelated with d i . The advantage in assuming this correlation pattern was that the deviations of x 2,i,j,t from their time means were uncorrelated with random effects and hence were used as additional (T À 1) Â k 2 instrumental variables to facilitate parameter identification and estimation. For example, in the system representing (T À 1) ''equations'' in (3), only the exogenous explanatory variables in time period t explain the dependent variable in period t. The remaining (T À 2) n 1 variables were excluded from tth equation and were used in the set of instrumental variables for identifying the coefficients of endogenous variables. Sufficient conditions for identification, exploiting the time structure of longitudinal models, were developed in Bhargava and Sargan (1983) and Bhargava (1991) . For example, each exogenous time varying variable in the model in (3) effectively provided 4 exogenous variables of which 3 were excluded from the equations. Next, assuming that the variance-covariance matrix of the error terms u i,t in Eq. (2) was unrestricted and with equality restrictions on model parameters in the T time periods, the appropriate estimation method depended on exogeneity assumptions. First, if all the k time varying variables were exogenous, then the Seemingly Unrelated Regression Equations estimator (Mann and Wald, 1943, Zellner, 1962) incorporating parameter restrictions produced efficient estimates. Second, when some time varying variables were endogenous as in Eq. (2), exogenous variables were used as instrumental variables for predicting the endogenous variables (Sargan, 1958) . A ''Three Stage Least Squares'' type estimator (Zellner and Theil, 1962) was used to estimate model parameters incorporating the cross-equation restrictions (Bhargava, 1991) . In the fully endogenous variables case, the reduced form Eq. (5) predicted the endogenous variables; under the special endogeneity assumptions for X 2 , only time means of the endogenous variables were predicted by reduced form equations. FORTRAN programs were developed to estimate the models using stepwise procedures (Bhargava, 1991) .
Moreover, diagnostic tests for discriminating between exogeneity assumptions were applied in the econometric analyses.
Data sources
The updated database on physician brain drain in the period 1991-2004 was augmented with indicators of human and economic development from various databases for creating a longitudinal database for the analyses. For example, we obtained data on GDP series in constant dollars (in 2000) from the World Development Indicators (WDI; World Bank, 2006) . Moreover, data on variables such as an Index of Governance and Corruption Perception Index are available in the WDI after 1995 and were utilized in some of the models. While the WDI data set contained variables such as population, school enrollment and literacy rates, additional information was taken from United Nations Educational, Scientific and Cultural Organization (2004) to reduce the numbers of missing observations.
Further, data on infant and child mortality rates and vaccinations against diphtheria, pertussis and tetanus (DPT) and measles were taken from the WDI. However, as noted in United Nations (1992) and Bhargava and Yu (1997) , demographic surveys were repeated every few years in developing countries and the data reported in WDI for in between periods were interpolations. Thus, it was useful to work with 3-yearly averages of variables for the period 1990-2004 i.e. observations at five time points {1992, 1995, 1998, 2001, 2004} were used in the analyses. The data on remittances received by developing countries were taken from WDI (World Bank, 2006) .
To economize on space, the sample means and standard deviations of 3-year averages of selected variables at three time points are presented in Table 3 . A steady increase in physicians abroad and at home was evident in this period though the average medical brain drain rate remained close to 0.11. There was a significant increase in the average number of physicians per 1000 people in this period. The infant and child mortality rates expressed in terms of 1000 live births were significantly lower in 2004; there was a steady increase in child vaccinations rates. However, as noted above, interpolations used in WDI may be partly responsible for the seemingly steady vaccination rates. Moreover, percentiles of the variables were also computed and the medians were generally close to the means reported in Table 3 . Remittances received in per capita terms significantly increased in the period 1991-2004. Finally, data on numbers of medical schools and students in the countries were typically available at a single time point and were reported for convenience in the column for 1992. In the econometric models for growth rates of physicians, these variables were treated as time invariant explanatory variables which seemed a reasonable approximation given the lags in setting up medical schools in developing countries.
The empirical results
This section presents the empirical results for the growth rates of physicians (Section 4.1), infant and child mortality rates (Section 4.2), and vaccination rates (Section 4.3).
Results for possible medical brain gain
The empirical results from estimating growth equations for total numbers of physicians trained are presented for five specifications in Table 4 . Specifications 1 and 2 included the number of medical schools in the home country; this variable was replaced by number of medical students in Specifications 3 and 4. Moreover, Specifications 1 and 3 treated the lagged realization of number of physicians as exogenous variables, whereas Specifications 2 and 4 treated them as endogenous variables, using reduced form specification for endogeneity in Eq. (5). Specification 5 presented results from the fixed effects model for a parsimonious version with MDB and lagged number of physicians as explanatory variables. As seen from Table 4 , coefficient of the lagged number of physicians was estimated with a negative sign that was statistically significant. Thus, there was a tendency of longterm convergence in the numbers of physicians trained in the country which was generally the case for aggregate economic series. However, the null hypotheses that previous level of physicians can be treated as an exogenous variable were rejected in both Specifications 2 and 4. The country-specific random effects (d i ) and/or the general error terms (v i;t ) were likely to be correlated with the numbers of physicians.
Another important feature of the results in Table 4 was that elasticities of growth rates with respect to number of medical schools and students were 0.04 and statistically significant. As noted above, due to lack of availability of data, a single observation per country was used and the variables were treated as time invariant. Lastly, lagged GDP per capita and remittances variables were not significant predictor of growth rates of physicians. One might not expect remittances to play a significant role in training physicians because it was unlikely that migrants would target enhancing the healthcare infrastructure since it requires major national investments. Instead, low-skilled migrants can try to alleviate poverty via remittances among localities where they grew up.
Further, a key result in Table 4 was that lagged physician brain drain rate (MBD) was a significant predictor of growth rates of physicians: higher the medical brain drain rate, more individuals entered medical schools. The coefficient of ln(1 + MBD) was always positive and significant at the 5% level in the random effect models. In the model with fixed effect (Specification 5), coefficient of ln(1 + MBD) was positive but significant only at the 10% level presumably because of the increased standard errors. The results were in line with the brain gain literature according to which greater migration prospects for highly skilled can stimulates incentives to acquire higher qualifications. In their survey on medical doctors working in the UK, for example, Kangasniemi et al. (2007) reported that 30% of Indian doctors acknowledged that the prospect of emigration affected their efforts in studies. The crosscountry studies of Beine et al. (2008) and Docquier et al. (2008) also supported this incentive mechanism and showed that a net brain gain can be obtained under certain conditions for tertiary education levels.
How did medical brain drain MBD affect the number of physicians in the country? Eq. (1) Suppose that a permanent change in the MBD rate occurred at time t, i.e. (MBD) i,s = MBD 8 s ! t. At the margin, the net effect on the number of physicians remaining in the developing country at t + 1 was obtained by combining the above derivatives. Thus: dðPhysiciansÞ i;tþ1 dðMBDÞ i;t ¼ ðTrained PhysÞ i;tþ1 b 5 ð1 À MBDÞ ð1 þ MBDÞ À 1 (7) 10 In theory, our model allowed computing the long-run impact of MBD by combining b 5 and b 6 . However, the long-term or equilibrium levels of physicians trained also depended on stochastic properties of the error terms affecting the model in (3). In particular, the equilibrium levels were influenced by country-specific random effects, and only the variances were estimated in the random effects framework.
The net effect was positive if the term in square brackets was positive. While this condition was less likely to be satisfied with increases in MBD, limited physician brain drain can increase the number of physicians remaining in the developing country if and only if the term in square brackets was positive when MBD equals to zero i.e. if b 5 > 1. The results in Table 4 show that b 5 was always positive and significant, but less than one in all specification, even under Specification 5 with fixed effects. Thus, while our model partially supported the incentive mechanism, this effect was rather small to generate a net brain gain in the medical sector with limited emigration.
An alternative way to illustrate this result was to plot the short-run elasticity of the number of physicians with respect to MBD as a function of MBD. From (7) and (1), we have: e Phys;MBD ððdðPhysiciansÞ i;tþ1 Þ=ðPhysiciansÞ i;tþ1 Þ dMBD=MBD
Thus, conditional on MBD, the mean of the elasticity can be obtained by replacing b 5 in (8) by its estimated valueb 5 ; conditional variance of e Phys,MBD was given by Vðe Phys;MBD Þ ¼ ½MBD=ð1 þ MBDÞ 2 s 2 5 , where s 5 is the standard error of b 5 . Fig. 2 plots the conditional mean of the elasticity and its confidence interval at the 5% level as a function of the MBD rate whereb 5 and s 5 were taken from Specification 2 in Table 4 . The elasticity was always negative and its absolute value increased more than proportionately with the magnitude of MBD rate. It is worth noting that the confidence interval was narrow, which can be explained by the fact that the variations in (8) were mainly due to changes in MBD levels. Further, when MBD was 52%, the elasticity was À1; when MBD reached 80%, the elasticity was À4. A similar picture emerged under Specification 4 (results not shown), except that the upper-bound was positive (but not significantly different from zero) for MBD rates less than 12%.
Medical brain drain and child mortality
The empirical results from estimating models for infant and child mortality rates as in Eq. (2) are reported in Table  5 , and most explanatory variables were significant and had the expected signs. The dummy variable for sub-Saharan African countries was estimated with positive and significant coefficients in both models thereby showing higher infant and child mortality rates. Second, coefficients of the GDP per capita were negative and significant in both models. The estimated elasticities with respect to GDP in the models were close to 0.25 thereby implying a 25% decline in infant and child mortality rates with doubling of per capita GDP levels. While coefficient of remittances received by developing countries was not significant in the model for infant mortality, it was significant in the model for child mortality with a small estimated elasticity 0.01. It seems likely that remittances affect under-5 mortality rates more than infant mortality since additional resources available to poor households may enable them to obtain healthcare for young children.
Further, elasticities of infant and child mortality rates with respect to total fertility rates were approximately 0.65. Thus, doubling of total fertility rate predicted a 65% increase in infant and child mortality rates. These findings supported the conclusions from analyses of data from demographic surveys where children born at high parities (birth order) faced higher chances of mortality (Bhargava, 2003) .
Interestingly, the coefficients of adult literacy rates and physicians in the home country (per 1000 people) and interaction between these variables were statistically significant in the models for infant and child mortality rates. In a previous study, Bhargava and Yu (1997) found that the elasticities of infant and child mortality rates with respect to female illiteracy rates were close to unity for sub-Saharan African countries but were not statistically significant for other developing countries. The greater number of countries in our sample showed the importance of adult literacy as well of physicians serving in the home country. While the coefficient of number of physicians was positive, coefficient of the interaction term between physicians at home and literacy rates was negative. Thus, the net effect of increasing physicians in the home country on infant and child mortality rates was negative once literacy rates crossed the approximate threshold of 60%. Note that the mean literacy rate for the sample in 1998 was 70%.
Further, the direct effect of physician brain drain (MBD) on mortality rates was statistically not different from zero; the results did not support the notion that MBD significantly affected quality of healthcare at the origin. Perhaps not surprisingly, exogeneity hypotheses for the MBD variable were accepted in both models using the general correlation pattern in Eq. (6). Indeed, the MBD variable was based on stocks of physicians abroad and the stocks reflected emigration flows in the previous decades. Finally, the Index of Governance and Corruption Percep- tion Index were not significant predictors of child mortality in models estimated using 5-yearly averages for reducing the missing observations on these variables.
The above results suggested that higher numbers of physicians in the home country were associated with lower infant and child mortality rates. Was the magnitude of this effect large enough to facilitate achieving the Millennium Development Goals? From (3), the elasticity of mortality rates with respect to the number of domestic physicians was given by: (Table 5, column 1) and cov(a 4 , a 8 ) was the covariance between a 4 and a 8 that was estimated to be À0.0045. Fig. 3 plots the conditional mean of the elasticity of infant mortality rate with respect to the number of physicians and its confidence interval at 5% level, as a function of the adult literacy rates. A similar picture emerged for under-5 mortality rate (results not shown). The elasticity became negative once literacy rates crossed 62%, and the confidence interval was very similar to that in Fig. 3 . The mean elasticity of child mortality was negative when literacy rates exceed 60%, which was the case for the majority of developing countries; sensitivity of elasticity to adult literacy was low. For a literacy rate of 80%, the mean elasticity of child mortality with respect to the number of physicians in the country was À0.02. This was small compared to the objectives of the Millennium Declaration that seeks to reduce child mortality by 67%. In addition, while a 4 and a 8 were significant at 5% level, average elasticity in (9) was not significantly different from zero, even for higher rates of adult literacy. In Fig. 3 , the confidence interval at 5% level of average elasticity was represented by dashed lines; it varied between À0.6 and 0.6. In the model with fixed effects, a 4 and a 8 had the same sign but were not significant at the 5% level, which again supported our conclusion that increasing the number of physicians had a small impact on child mortality. Thus, medical brain drain did not appear to be the most important impediment for improving child health indicators in developing countries. [ ( ) T D $ F I G ] Fig. 3 . Elasticity of child mortality rates with respect to numbers of physicians conditional upon adult literacy rates. Mean values and confidence intervals at the 5% level.
Vaccination rates
The results for percentages of children vaccinated against DPT and measles are presented in Table 6 . As noted above, there were interpolations underlying these variables in database such as WDI. Also, some measurement errors were introduced because households in developing countries often do not possess children's vaccination records. While GDP per capita was not a significant predictor in any of the three models for vaccinations, remittances were associated with higher DPT and measles vaccination rates, though the elasticities were small (0.03). Further, the elasticities of vaccination rates for DPT and measles with respect to total fertility rate were À0.22, and À0.18, respectively. Thus, lower fertility rates achieved via access to healthcare services were likely to have beneficial effects on vaccination rates. Similar results were obtained for tetanus vaccinations received by pregnant women that reduced maternal mortality though the results are not reported in Table 6 .
Finally, the coefficients of adult literacy rates and physicians in the home country were estimated with positive and significant coefficients in the models for DPT and measles vaccinations, while the interactions between these variables were estimated with negative and significant coefficients. Thus, an increase in adult literacy rates and in physicians in the home country predicted higher vaccination rates though the magnitudes depended on interactions between these variables. Note that the coefficient of MBD variable was not statistically different from zero. Using the mean elasticities, higher numbers of physicians in the home country was associated with higher DPT and measles vaccination rates at the mean literacy rate. However, these impacts were small and not significantly different from zero. Overall, the results for vaccination rates were similar to those for child mortality, and medical brain drain did not appear to hamper vaccination rates in developing countries.
Conclusion
While high-skilled emigration has become an important policy issue in the recent years, emigration of medical personnel deserves special attention partly because of the inter-connections between population health and economic growth in developing countries (Bhargava et al., 2001) . This paper presented an analysis of an improved database on emigration of physicians for the period 1991-2004 for all countries in the world, and investigated the effects of physician brain drain on human development indicators such as vaccination uptake and child mortality. From a health policy standpoint, it would be useful to expand the database to cover more recent years.
Our models showed that the supply of physicians in developing countries improved human development indicators once literacy rates crossed the approximate threshold of 60%. Despite potential migration-induced incentives for medical training, physician brain drain reduced staffing levels in the home country and there was not much evidence for brain gain. Moreover, while reducing medical brain drain was likely to lead to reductions in child mortality rates and increases in vaccinations rates, the potential gains seemed small in comparison with the Millennium Development Goals (United Nations, 2008) . However, these findings may be due to several reasons. First, stopping MBD may not achieve higher staffing levels in developing countries; the numbers of physicians per 1000 people are likely to remain around 0.15 in the foreseeable future in many sub-Saharan African countries. Second, better health indicators are often achieved by exploiting synergisms between the numbers of physicians and other factors such as availability of medicines and numbers of nurses for which the data are generally unavailable for developing countries. Third, increasing the supply of physicians might be inefficient for some developing countries if the effective demand is low due to poor infrastructure and/or political instability. Moreover, skilled labor has alternative uses and labor productivity may be higher in other sectors of the economy. Although the Index of Governance and Corruption Perception Index were not significant predictors in the empirical models, future research on these issues can shed useful light for formulating policies that facilitate the attainment of Millennium Development Goals in developing countries.
